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Summary of Synthetic Lap Polishing Experiments at LLNL, FY95 *

INTRODUCTION

The purpose of this research was to support the optics finishing development work for the NIF, the
National Ignition Facility.  One of the major expenses for the construction of NIF is the cost of finishing
of the large aperture optics.  One way to significantly reduce the cost of the project is to develop
processes to reduce the amount of time necessary to polish the more than 3,000 amplifier slabs.  These
slabs are rectangular with an aspect ratio of more than twenty to one and are made of a very temperature
sensitive glass, Nd doped phosphate laser glass.

As a result of this effort, we could potentially reduce the time necessary to polish each surface of an
amplifier from 20-30 hours of run time to under an hour to achieve the same removal and still maintain a
flatness of between one to three waves concave figure.  We also feel confident that we can polish
rectangular thermally sensitive glass flat by use of temperature control of the polishing platen, pad
curvature, slurry concentration with temperature control, pad rotation, and pressure; although further,
larger scale experiments are necessary to gain sufficient confidence that such a procedure could be
successfully fielded.

DESCRIPTION OF EXPERIMENTS AND EQUIPMENT

The goal of this series of experiments was to use a synthetic pad to polish a scaled down replica of a
rectangular phosphate amplifier slab made of LG-750 to a flatness of three waves or better, concave, and
remove the amount of material necessary to be below the depth of sub-surface damage for the process.
The parts dimensions were 8.650” by 4.720”.  The thicknesses used were .500”, .700”, and 1.680”.  This
pre-polish process would be followed by final figuring on a pitch lap.  Our goal was to reduce the total
time required to remove a specific amount of material to insure that we were below the depth of damage.
The amount of removal required for phosphate laser glass is 20-25 microns, after a nine micron grind.
This would require more than 30 hours of run time on the continuous polish pitch lap.  In an effort to
increase the removal and decrease the amount of machine time we experimented with synthetic laps,
which are capable of polishing at extreme pressures and speeds, and can achieve the same amount of
removal.

The machine we chose to use for the experiments was a Spitfire, Gryo Matic, thirty-six inch diameter
machine with pneumatic pressure loading capability.  It has a speed range on the main platen of zero to
fifty revolutions per minute (rpm).  The pressure range is from zero to three hundred fifty pound load,
which when applied to our test samples, allows a maximum finishing pressure of 8.57 pounds per square
inch (psi).  The type of synthetic pad used was a thirty six-inch diameter, fifty-thousands thick Greyrock
25 pad by Rhodes.  The Greyrock is a polyurethane pad, with pressure sensitive adhesive backing.  To
accommodate the lap shaping an 8-inch center hole was cut out.  The polishing slurry used was Hastelite
P.O., a cerium oxide based compound with particle size of 1.3 micron.  It was diluted ten-to-one by
volume with de-ionized water.
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EXPERIMENTAL RESULTS
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